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Abstract 
In the history-based, feature-based, parametric CAD approach, 2D profile sketches are 
the basis for 3D models. Fully-constraining profiles is mandatory to create robust pro-
files. At present, neither CAD applications nor Model Quality Testing Tools usually 
check whether 2D profiles contain redundant constraints. Besides, our experience 
shows that novices tend to introduce redundant constraints. We hypothesize that 2D 
profiles over-constrained with redundant relations are more difficult to edit than those 
that avoid redundancies. In the present work―and as a first step to demonstrate this 
hypothesis―an experiment was conducted. Students of the subject “Graphics engineer-
ing” were taught on the creation of constrained 2D profiles. Then, they were asked two 
questions. On the one hand, novices had to identify and reason whether a simple given 
profile was fully-constrained, over-constrained or under-constrained. On the other 
hand, they had to identify and point out the types of the constraints. The results showed 
that in spite that novices received a specific training, roughly half of them failed to say 
if the 2D profile sketch was fully-constrained and which type of constraints it contained. 
Furthermore, the results of the second question revealed that more than the half of stu-
dents did not recognize perpendicularity as a geometric constraint. As future work, we 
will try to demonstrate whether a reinforced training through simple exercises and a 
quick and effective feedback, will allow novices to improve the identification and re-
moval of redundant 2D constraints when drawing 2D profile sketches (thus helping to 
produce robust profiles). 
Keywords: CAD model quality; 2D profile sketch; Fully-contrained profile; over-con-
trained profile; under-costrained profile.  
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1 Introduction 
Currently, 3D CAD models are an important issue in New Product Development (NPD) 
process. This fact has influenced the development of the CAD data quality field. “Prod-
uct data” includes CAD (computer aided design) data, CAM (computer aided manu-
facturing), CAE (computer aided engineering) and PDM (product data management) 
among others. Poor data quality management compromises the benefits of history-
based parametric feature based on mechanical CAD systems (MCAD), and specifically 
with the CAD model reuse.  
 
High quality models are essential [1]. Contero et al. [1] proposed three levels of quality 
to classify CAD models: Morphologic, Syntactic and Semantic/pragmatic. The third 
level (Semantic/pragmatic), considers the CAD model capability for reusing and mod-
ification. Reusability and interoperability of a CAD model are the most typical tasks 
carried out during the product design process. Reusability of CAD models is an im-
portant issue to create high quality models. A model is reusable when it allows modifi-
cations while it maintains its design intent [2], and if it is simultaneously flexible (fa-
cilitate design alterations) and robust [3, 4]. A robust model must allow for changes 
while must not produce unexpected failures. According to Jackson, et al. [5] up to 48% 
of CAD models fail after a change is performed. A model is ineffective if its design 
intent is not maintained when the model is altered [2]. Generally understood, design 
intent is a CAD model’s anticipated behavior when it is altered. Attending to ISO def-
inition, design intent is the, “intentions of the designer of a model with regard to how 
it may be instantiated or modified” [6]. Models with high quality must reliable allow 
for modifications while maintaining their original design intent. In terms of training in 
CAD systems, very few studies have pay attention to students and how to create models 
which can be easily understood, altered and reused by others [7]. A recent study [8], 
addresses the reuse of 3D CAD models from the point of view of CAD learning and it 
takes into account the use of design intent during this learning. 
A feature and history-based parametric CAD model builds models on top of 2D pro-
files—where geometric, dimensional and position constraints are introduced—using 
modeling operations, and through a model sequence (model tree). Otey et al. [9] present 
that sketch constraints join to “relationships between modeling operations” and “mod-
eling operations” to embed the design intent in 3D CAD models. However, redundant 
restrictions don’t provide additional information to the intent design. Quality of 2D 
profile is tightly related to its constraints. Ault et al. [10] showed that constraints can 
be applied to obtain flexible geometric models avoiding undesirable geometry or topol-
ogy changes. According to González-Lluch et al. [2], the model is efficient if among 
other conditions, the design decisions are traceable within the model tree. As non-func-
tional constraints, redundant constraints are inefficient and a type of “missing design 
intent” error in procedural models [2]. To obtain a robust and quality 2D profile, this 
must be necessary fully-constrained [11]. A common way to identify the quality of 2D 
profiles is to quantify their degrees of freedom. A profile which is not fully-constrained 
has at least one degree of freedom.  
While editing the profile, some 3D CAD applications provides some useful training 
information to students. For example, in case of the CAD 3D SolidWorks® software, 
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it is possible to detect whether a profile is fully constrained since it is been created by 
observing its line color, which can be configured from the program’s configuration 
menu. Furthermore, a minus sign (-) preceding the profile name appears when the 
sketch is under constrained. Therefore, this history-based parametric CAD application 
provides information to user about under and over-constrained profile sketches. How-
ever, it should be pointed out that in case of over constrained profile with redundant 
relations, i.e. repetitive but not incompatible, the application does not provide any warn-
ing. 
We classify constraints as: dimensional, constraints that associate geometric entities 
to each other (coincident, concentric, collinear, parallel, perpendicular, tangent, 
smooth, symmetric, equal, etc…), position and orientation constraints. 
Our experience in teaching novices is that students tend to introduce redundant con-
straints when 2D profile sketches are created in a 3D model. Users can receive help 
from user’s manuals and Model Quality Testing tools (MQT). Although, as it was 
shown in a recent study [12]―which examined a representative commercial 
MQT―these tools provide limited testing and tutoring capabilities. Therefore, we 
strongly believe that a correct training of novices and a quick feedback are essential for 
learning. As some researches of the literature show, educators have worked in the in-
corporation of activities which introduce product data quality concepts like the assess-
ment of CAD models through the development of rubrics [11], [13], and the increase 
of students’ awareness of methodological aspects of CAD model construction using 
activities or specific exercises [8], [14, 15, 16]. Some studies have shown that an early 
feedback is essential to improve their modeling strategies [17]. In addition, this feed-
back should be continuous in a formative sense [18]. 
Our hypothesis is that 2D profiles over-constrained with redundant relations are 
more difficult to edit than those that avoid redundancies. In a related study, González-
Lluch et al. [19] demonstrated that the use of fix constraints (a typical case of a low 
semantic level constraints) compromises the reusability of the 3D model. Our experi-
ence like CAD instructors is that students tend to use redundant relations while creating 
2D profiles. We consider that this type of relation prevents easy reuse of CAD models. 
To demonstrate the hypothesis that “2D profiles (in 3D models) that contain over-
constrained with redundant relations are more difficult to edit than those that are fully 
constrained, even if they use low semantic constraints”, it is necessary to follow several 
steps. In this work, we present the first step, which consists in conducting an experiment 
to know if students are capable of: (1) identifying fully-constrained profiles by an ex-
ample, and (2) if they are able to detect (on the same example) dimensional, geometric, 
position and orientation constraints. Results show (in spite of students’ training) that 
more than half of the polled students did not give a correct answer. 
2 Experiment 
One of the learning outcomes of the subject “Graphics engineering” (third course of 
“Bachelor’s Degree in Mechanical Engineering” at Jaume I University) is that students 
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have to apply computer-aided three-dimensional modeling (3D CAD) for the resolution 
of graphic engineering problems. Throughout the course, students attend both theory 
and practical classes.  
In the beginning of the course, students are introduced to the creation of 2D profiles 
following the first chapter of [20]. On the one hand, during theory classes, students 
receive knowledge about constraints. In addition, they learn to distinguish the differ-
ences between over-constrained and under-constrained profiles. On the other hand, dur-
ing lab hours, students are introduced to the use of a 3D CAD application (Solid-
Works®) and specific rubrics to convey quality criteria in Mechanical CAD Systems 
(assertions maps can be consulted in [11]).  
Students are trained to create robust and flexible profiles through easy and simple 
examples (Figure 1). To this end, profiles are defined using geometric, dimensional, 
position and orientation constraints. In order to check the correctness of the constrain-
ing process, some changes are proposed on the profiles by editing the figures. The ob-
jective is to detect if these changes are allowed and if they result in the new expected 
profiles, or on the contrary, profiles fail to be recalculated by the CAD application. 
 
        
 
Fig 1. Profiles created during the first two sessions by students following teachers’ guide. 
 
In the first midterm exam of the 2017/2018 course, students who coursed this subject 
had to solve two questions related with constraints. In the first question, students were 
asked if the profile showed in Figure 2 was fully-constrained, over-constrained or un-
der-constrained. The answer had to be reasoned.  
 
 
   
Fig 2. First question of midterm of “Graphics engineering”. 
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The correct answer, to this first question, is that this 2D profile is fully-constrained. 
This answer is easily testable to a 3D CAD application (for example Solidworks®).  
In the second question, the same figure 2 was presented. In this case, students had 
to identify and point out each type of the constraint. The types of constraints that they 
were asked to distinguish were: dimensional or geometric (F), position and orientation 
(P) and the rest (B). In addition, they had to argue their answer. 
Considering the discretionary margin of the solution, we consider that this 2D profile 
include these constraints: 
 
Fig 3. Considered constraints of the 2D profile proposed in the first question. 
 
In the case of the angular restriction (30°), another alternative could be to consider 
it as dimensional or geometric (F). Instead, we consider this angular restriction as an 
orientation constraint, because it associates the geometry of the profile with the refer-
ence system.  
3 Results of the experiment 
A total of 34 answers were collected from the students and considered to the study. All 
the students answered both questions.  
The percentage of students that successfully answered question 1 (fully constrained 
profile) is shown in Table 1.  
Table 1. Data summary from the A question. 
Question A:  “Fully constrained”  “Over constrained” “Under constrained” 
 (%) students 47.1% 50% 2.9% 
Total of students 16 17 1 
 
Table 2, shows the percentage of students that successfully answered question 2. In 
case of incorrect answer, detailed information/failure description is showed in Table 3. 
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Table 2. Data summary from the B question. 
Question B: Correct answer Incorrect answer 
% 47.1% 52.9% 
Total of students 16 18 
 
Table 3. Additional information from incorrect answers from B question. 





87.4% 14 From this result: 
11 students, pointed that perpendicular con-
straints are of type P 
3 students pointed that perpendicular con-
straints are of type B  
2 incorrect perpendicular 
constraints 
6.25% 1 The student pointed that 2 perpendicular con-
straints are of type B  
1 incorrect perpendicular 
constraints 
6.25% 1 The student pointed that 1 perpendicular con-
straint is of type B  
Equal constraints 18.75% 3 The students pointed that the equal con-
straints are of type B  
Dimension constraints 12.5% 2 The students don’t point one of the dimen-
sions 
 
The results showed that despite students had received specific training with theoret-
ical and practical classes, more than a half of them (52.9%) did not distinguish if the 
simple 2D profile was fully constrained. 
 
In reference to the results from the second questions, the results show that more than 
half of participants failed to differentiate between dimensional/geometric and posi-
tion/orientation constraints. Results from question B (Table 3) show that most of stu-
dents who had failed the question (87.4%), did not recognized the perpendicular con-
straints as a geometric restriction, as the majority of students considered these 
constraints as type P (position and orientation) and B (the rest).  
4 Conclusions 
In current work, we present a study to prove if we are training our novices towards 
quality 2D profiles for 3D models. At this end, we have conducted a pilot experiment 
which shows that students fail to recognize the different types of constraints in the ex-
amples proposed. This fact, suggests that students are unlikely to use constraints in a 
robust and efficient way to avoid redundant constraints. They are also unlikely to 
choose the more representative constraints to convey the design intent. Our experience 
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shows us that novices tend to introduce redundant constraints even in simple profile 
sketches, although they have received a specific training and a limited assistance by 
CAD 3D system. 
 
The results of the experiment showed that half of students could not identify a fully-
constrained profile neither the type of constraints that contained. Therefore, we con-
clude that an improvement of the knowledge of novices is necessary as a previous step 
to obtain profiles with less redundant constraints. Hence, our natural next step is the 
preparation of a tool that provides knowledge and early feedback to obtain profiles with 
less redundant constraints to facilitate the edition of 2D profiles, in 3D CAD models. 
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